Introduction
The greater trochanteric pain syndrome (GTPS) is a frequent condition characterized by the pain and reproducible tenderness at the greater trochanter region, buttock, and lateral thigh [1] . The GTPS affects about 10% -25% of the general population, and represents the cause of assisting in primary care for 1.8 patients per 1000 per year, mainly women [2] [3] . Primary strategies of GTPS treatments include injections of corticosteroids (such as triamcinolone acetonide) with local anesthetics, physical therapy, ice, weight loss, nonsteroidal antiinflammatory drugs, or behavior modification [4] - [8] . An arthroscopic bursectomy is proposed when conservative treatment fails. The treatment with steroid-anesthetic injections has been demonstrated to produce a rapid improvement in the pain and disability of 60% -100% of patients. Indeed, a single corticosteroid injection has been shown to increase in 2.7-fold the number of patients being free of pain after 5 years since the injection [3] [6] . Alternative therapeutic agents are required for diabetic patients, in whom the injection with corticosteroids may produce the increase to glucose levels [9] , or patients who are refractory, intolerant to conventional corticosteroids, or those who have not achieved a long-term benefit [1] . Intra-articular injections of hyaluronic acid (HA) have been well established for the treatment of knee osteoarthritis [10] . The beneficial effects of HA on the synovial fluid of joints and bursas derive from its high viscosity, its protective effects on articular cartilage and joints, by influencing the inflammatory process of the synovial tissue and promoting the healing and regeneration of the articular cartilage. In view of these effects for intra-articular injections, it seems reasonable to extrapolate the same effectiveness to intra-bursal injections for the treatment of GTPS. To date, and with the exception of just one recent study [11] , there are no published studies addressing the efficacy of HA injections at the trochanteric bursa in patients with GTPS. Therefore, the objective of the study is to compare the efficacy and safety of HA to corticosteroid injections for the treatment of the GTPS.
Patients and Methods
This prospective, randomized, two-arm trial involved patients with unilateral or bilateral GTPS from the Hospital de la Santa Creu i Sant Pau (Barcelona, Spain). All patients signed the informed consent before participating in this study. The inclusion criteria were as follows: diagnosis established by physical examination (Rasmussen and Fano clinical criteria); experiencing symptoms that persist for at least 1 month despite treatment; not having received local infiltrations in previous 6 months to recruitment; and signing the written informed consent. The criteria for exclusion were: having any intra-articular disease in the coxofemoral joint or pain back associated to any degenerative disease. Patients were randomized into 2 treatment groups receiving an intra-bursal injection of: 40 mg triamcinolone acetonide (Trigon Depot®) plus 1mL lidocaine (group 1), or 60 mg HA depot (Suplasyn® 1-Shot, group 2). Patients were not permitted to receive non-steroidal anti-inflammatory drugs; however, they continued having the same analgesics that before recruitment. The main objective was to determine the effectiveness of treatment with HA after 1, 3 and 6 months regarding pain and the pain on palpation. The secondary objective was to evaluate the safety of the treatment by considering the appearance of adverse events related to the injection. Follow-up evaluations were performed at baseline, and after 1, 3 and 6 months of starting the treatment. In each visit to the specialist, patients completed a visual analog scale (VAS) to evaluate baseline pain and pain on palpation, and a Likert scale to determine the interference of pain with daily activity, the recovery from the pain, and the treatment satisfaction after 6 months of follow-up.
Statistical Analysis
Quantitative variables were expressed as the mean and the standard deviation (SD); whereas, qualitative one as absolute and relative frequencies. Regarding patients with bilateral GTPS, their clinical data used in the study only derived from the most symptomatic side. Analyses were performed per protocol. Comparisons between different variables were performed by using the Chi-square or Fisher's exact test, in qualitative variables, or the T-test, in the quantitative ones. The statistical significance was established when P ≤ 0.05. The evolution of VAS scores during the follow-up period between the two treatment groups was analyzed and compared by using a repeated measures analysis of variance (ANOVA). A non-inferiority analysis was performed to test the effectiveness decreasing the pain after 6 months of treatment with HA compared to corticosteroids. Non-inferiority was established when the lower limit of the confidence interval for the difference between groups was less than 1 point. All statistical analyses were performed using SPSS 18.0 software.
Results
From 52 patients initially recruited in the study, 4 were excluded due to protocol violation and 1 due to loss of follow-up. Therefore, the total number of patients included in the study was 47, 22 from the group receiving corticosteroids and 25 from HA. The population was predominantly female (87.2%), with a mean age of 67.83 year (SD 11.1) in the group of corticosteroids and 63.95 (SD 12.0) in the HA group. No differences between treatment groups were found regarding sex, age, or side of the disease. Both groups showed similar VAS scores for pain at baseline, mean 7.45 (SD 1.8) for the group of corticosteroids and 8.22 (SD 1.29) for the group of HA. However, the group receiving HA showed a significant (P = 0.015) higher VAS score for pain on palpation at baseline (mean 8.86; SD 1.27) than the group with corticosteroids (mean 7.95; SD 1.17). No differences between groups were found regarding interference of pain with daily activity at baseline. The evolution of VAS score for pain during the follow-up period between the two groups is shown in Figure 1 . Although there were no differences between groups, mean scores for pain during the study significantly decreased (P < 0.001) comparing baseline with 1, 3 and 6 months of treatments. The evolution of VAS score for pain on palpation during the follow-up period between the two groups is shown in Figure 2 . Similarly, no differences between groups were found; however, scores at 1, 3 and 6 months of treatments were significantly lower (P < 0.001) than at baseline. No differences were found between treatment groups regarding Likert scale evaluating the interference of pain with daily activity, recovery from pain, and treatment satisfaction. The non-inferiority study showed that the treatment with HA is non-inferior to corticosteroids. No secondary adverse effects were found among the patients of both groups during the follow-up period.
Discussion
When primary conservative approaches fails, injections with corticosteroids and/or local anesthetics achieves a pain relief in 60% -100% of the cases [1] [4]- [8] . However, some patients experience persistence of symptoms after several months of starting the corticosteroids treatment, revealing other underlying etiologies, error in the diagnosis or in the location of the injection, or simply non-response to corticosteroids [7] [12] .
Injections with HA have emerged as an alternative therapeutic strategy for diabetic patients or those who are refractory to or intolerant to conventional corticosteroids [1] [9] . In our study the effectiveness of HA injections was similar to corticosteroids for pain relief. In fact, the non-inferiority study demonstrated that the treatment with HA is non-inferior to triamcinolone acetonide after 6 months of follow-up. These results are in concordance with those from the only published study performed to date, i.e. using HA injected for treating trochanteric bursitis (although the journal where the manuscript was published is not indexed in JCR) [11] . This retrospec- tive study, that involved the follow-up of at least 12 months of 158 patients with trochanteric bursitis, showed the higher effectiveness of both the single injection of HA and its combination with corticosteroids than the conventional treatment with corticosteroids for treating trochanteric bursitis. Similarly, a study of 2009, evaluating the effects of corticosteroids in combination with HA injections for 3 months follow-up in 22 patients with scapulothoracic bursitis, showed a significant improvement in VAS for pain compared with baseline [13] . The effectiveness of HA has been also well established for the treatment of knee osteoarthritis, as demonstrated by rapidly reducing the pain and maintaining long-term effects [14] . Studies on knee osteoarthritis using intraarticular injections of HA recommend a dosage of per week, up to complete a total of 3 -5 injections. However, for the treatment of scapulothoracic bursitis, authors used a single intra-bursal injection of 20 mg high molecular-weight HA [13] . In our study, we used a single intra-bursal injection of 60 mg high molecular-weight HA.
Injections with HA may also be an alternative for patients in whom the corticosteroid treatment failed to achieve a long-term benefit. In our study, the injections with HA showed that are effective and safe after 6 months of follow-up, producing stable pain relief over a long time without recurrence of symptoms, and an increase of the patient's satisfaction, as demonstrated by VAS for pain and for pain on palpation at the sixth month and the different Likert scales, respectively. Furthermore, no adverse events were reported during this period of time. These results achieved with HA may also lead to a reduction in the number of required arthroscopic bursectomies. Some limitations of the present study were the low number of patient included in the analysis, the lack of a controlled group with saline or a group consisting in the combination of corticosteroids and HA. Nevertheless, despite these limitations, results from our study are in concordance with similar literature. Further studies involving a large cohort of patients, additional treatment groups, and longer follow-up period are required to corroborate these results.
Conclusion
The treatment with HA has demonstrated to be non-inferior to corticosteroids after 6 months of follow-up in patients with GTPS. Therefore, the treatment with HA may be considered as an effective alternative therapeutic strategy for patients in whom the treatment with corticosteroids, or other therapies, have been unsuccessful or contraindicated, like the diabetic subjects.
